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CHAPTER I 
INTRODUCTION 
The Test of Diagnostic Skills is a new technique devised by Rimoldi (8) 
for the purpose of studying medical diagnostic ability. The steps taken in 
reaching a diagnosis are emphasized in this technique. By studying the in-
formation requested by an individual solving a problem, it is possible to 
judge his ability, not only in terms of right and wrong solutions, but also 
in terms of the processes involved in the achievement of those solutions. 
From this point of view, every solution other than the correct one cannot be 
considered equally wrong. Nor can every correct solution be considered 
equally correct, since some may proceed more critically and with greater 
knowledge of the task than others. It is also plausible that one solution 
may be correct by chance while another solution is incorrect, even fhough a 
more critical procedure was observed in the latter. 
Although considerable time has been devoted in recent years to devising 
better tests for the purpose of evaluation, the improvements have been negli-
gible. One of the reasons for this seems to be that, although the tests 
appear to be new, the approach is essentially the same. Attention is gener-
ally focused on the number of correct answers. It is possible that the 
fault lies not only in the items appearing in the test, but in the underlying 
rationale as well. In any case, it appears that attempts to improve testing 
I 
techniques according to the classical approach have reached a point of 
diminishing returns. 
The Test of Diagnostic Skills has an entirely different approach than 
the evaluative methods being used at the present time. It has been men-
tioned that attention is focused upon the processes involved in arriving at 
a solution rather than in the solution itself. This new approach may prove 
to be a more useful tool for evaluating students than those presently being 
used. If this is true, the technique will also be a valuable contribution 
to testing theory in general, since tests can be devised according to this 
rationale in almost any field of knowledge no matter how general or how 
specific it may be. 
Studies conducted thus far indicate that the Test of Diagnostic Skills 
is capable of differentiating between students at different levels of medi-
cal training. In these studies, which will be discussed later in more 
detail, test performance of students was studied cross-sectionally. That 
iI, test performances of different groups at different levels of me~ical 
training were compared. 
The purpose of the present study was to compare performance in two 
Tests of Diagnostic Skills for the same group at the junior and senior 
levels of medical training. It was assumed that the differences found, 
if any, would be the result of medical training. No assumptions were made 
about the representativeness of the group, either in terms of medical stu-
dents in general or even of their own clasi. Interest was focused only on 
changes in performance after a training period. 
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Description of the Technique 
From several tests that were devised, two were chosen for this study. 
These tests, which shall be referred to as Test 2 and Test 4, were made up 
from actual clinical cases. They were chosen because it was found that 
they were able to differentiate between junior and senior medical students 
in a cross-sectional study (11). All likely medical questions pertaining 
to each case are included in these tests. These questions cover all phases 
of the diagnostic process: clinical interview; physical examination; and 
laboratory tests. In Test 2 there are fifty-nine items or questions and in 
Test 4 there are fifty-six. 
The tests are administered to an individual by first giving hUD the 
chief complaints and admission data and asking him to choose those items 
which he considers necessary and sufficient to reach a diagnosis. The 
3 
items are presented on 3 x S cards displayed in a folder. They are arranged 
in such a way that only the questions can be seen. The answers to these 
questions are typed on the back of each card. Either the subject or the 
experUDenter keeps a record of the items chosen and the order in which 
they are chosen. 
Scoring Methods 
Number of Items Selected: 
According to the directions given, the number of items selected is 
left entirely up to each subject. This is used as one of the measures to 
describe performance. In the present study this score will be referred to 
as m. It takes into consideration only the number of items selected. 
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Possible variables that could affect this score would be personality 
characteristics, knowledge, training, etc. 
UtU i ty Index: 
It is assumed that when an item is chosen, it is because that item is 
considered useful in reaching a diagnosis at the particular time in which it 
is chosen. When a test is administered to a group, some items are chosen more 
frequently than other items. An index is assigned to each item on the basis 
of the frequency with which the item is selected by a particular group. This 
is known as the utility index. The word .futility" must not be mhinterpreted. 
It refers to the expected utility of an item, and not to the actual utility. 
The fact that item a has a higher utility index than item b does not 
- -
mean that item.! is more useful. Rather, because it was selected more. fre-
quently than ~ by the SUbjects taking the test, item! i8 assigned the higher 
utility index. It closely reaembles the interpretation of utility in game 
theory. However, since the Teat of Diagnostic Skills doe. not fit the model 
of game theory, the axioms of utility theory do not apply (7). The utility 
index of an item, then, can be defined as the ratio between the number of 
times that the item has been selected and the number of subjects in the 
group. More formally, it can be stated as: 
Ul j • ~{ (1) 
where UI j • utility index for item j, 
j • 1, 2, 3, ••. , j, ••• , k, 
nj • number in the group choosing item j, and 
N • number of subjects in the group. 
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It can be seen from the definition above that the utility index of an item 
may have different values for different groups. This value will vary from .00 
to 1.00. As the number of subjects selecting a particular item approaches the 
total number in the group, the item's utility index will approach 1.00. The 
utility index can also be considered a measure of agre-.ent within the group. 
When its value is 1.00 and .00, the group is in perfect agreement on the ex-
pected utility of an item. In the former case, everyone in the group chose the 
item, and in the latter, no one chose it. As the utility index approaches .50, 
there i~ less and less group agreement. When the utility index is .10, 90% of 
the group agree that the item has no value, when it is .20, 80% of the group 
agree, etc. Finally, when the value is .50, there is the least group agreement 
Utility indexes assigned to items in a test do not have to be based on the 
performance of the group being studied. A criterion group may be used for de. 
termining utility indexes. By scoring two groups in terms of a third group, it 
is possible to compare the performance of the two groups more accurately. In 
the present study, utility indexes were assigned to the items both in terms of 
the group performing and in terms of a criterion group of experts. 
When utility indexes are assigned to items interma of the performing group 
it is necessary to correct these values. In the formula for utility index, nj 
stands for the number in the group selecting item j. But a subject being eval-
uated in terms of the utility indexes of all the items which he selects is in-
cluded in the nj term. To eliminate this influence, this correction was used: 
ij • nj ·1 
N - 1 
(2) 
where ij • corrected utility index for item j, nj • number of times item j 
was selected, and N • number in the group. 
Using this correction, if a subject is the only one of the group to choose 
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item j, the utility index of that item will be 0 and not 1 as would be the 
N 
case when using the uncorrected formula. 
Utility Score: 
The utility score is defined as the average utility index of all the 
items selected by a particular subject: That is: 
m 
USk • ~ (3) mk 
where USk • utility score for subject k; 
k • 1, 2, 3, ••• , k, ••• N; 
m 
4 UI • the sum of the utility indexe. of all the items selected 
by individual k; and, 
~ • the number of items selected by subject k. 
The utility score can be based either on utility indexes computed in term. 
of the performing group or on utility indexes computed in terms of another 
criterion group. Like the utility index, the utility score of a subject 
depends upon the group in terms of which he ~s scored. It is possible that 
two subjects belonging to different groups may perform in the same manner, 
but receive different utility scores. 
When utility scores are computed in terms of the performing group, 
corrected utility indexes should be substituted in the formula stated above. 
That is: 
where Uk = corrected utility score for subject k. 
1 
Ltmitl of Performance for the Group: 
Group performance in the Test of Diagnostic Skills can be described in 
terms of maximum and minimum performance curves. These can be defined a8 the 
belt and worlt possible way in which an individual in a particular group can 
perform. Maximum and minimum performance curves are obtained by ranking the 
items of a test according to corrected utility indexes from maximum to minimum 
and from minimum to maximum. These curves are then plotted on a graph with 
the cumulative utility index on the y axis and the rank order on the ~ axis. 
The resulting curves (Figure 1)1 describe the limits of performance. Subjects 
will seldom, if ever, perform in this fashion; however, this 1s a useful 
method in defining the limits of performance of a particular group. 
If every item in the test has the same utility index, the maximum and 
minimum performance curves will be the same. This will yield a straight line 
whose slope is equal to the utility index. In Figure 22 performance curves 
are shown for cases in which all the utility indexes are 1.00, .50, and .00. 
In the first case, every item was chosen by each subject; in the second ease, 
each item was selected by half the group. and in the third, none of :he items 
were selected. 
If some of the items were selected by every subject and the remaining 
items were not selected at all, the utility indexes would be either 1.00 or 
.00. The resulting limits of performance would be a parallelogram (Figure 2), 
This occurs when there ia perfect agreement within the group on which items 
are useful in reaching a solution. The ratio between the area of the limits 
of perforn~nce and the area of the parallelogram that would result if there 
were perfect agreement would then give a measure of agreement. 
1 Figure 1, page 9. 
2Figure 2, page 9. 
8 
The value of this ratio can range from .000 to 1.000. It would be .000 
when the limits of performance are a straight line whose slope is leS8 than 
1.00 and greater than .00. When the slope is equal to 1.00 or .00, all the 
utility indexes are equal to 1.00 or ,00 and the ratio is indeterminate. As 
the limits of performance area approaches its corresponding parallelogram, 
the value of the ratio approaches 1.000. 
The ratio may indicate a number of things such as: difficulty of the 
problem; experience of the group in solving problems of a similar nature, etc. 
Individual Performance Curves: 
In order to get a better picture of an individual's performance in the 
T~~t of Diagnostic Skills, individual performance curves are obtained. This 
is done by plotting on a graph the cumulative utility index of each subject 
at each sueceasive step in the te.t (Figure 20)3, Either corrected utility 
indexes of the group being studied or utility indexes of a criterion group 
may be cumulated. These curves indicate the number of items selected, the 
expected utility of these items, and their sequence. Thus far a str'ict 
method has not yet been devised to compare individual performance curves 
for different tests or for different levels of training. They were intro-
duced into this study to see if any general statements could be made about 
different levels of training by inspecting them. 
3Figure 20, page 36. 
Ei 
m 
Figure 1: Limits of Performance 
• 1.00 
Xi 
m 
Figure 2: Limits of Performance in a case of Perfect Agreement (a) 
and in a case of no Agreement(b). 
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CHAPTER II 
REVIEW OF LITERATURE 
In his introduction to the translation of Karl Duncker's study on 
problem solving (4), Wolfgang Kb~ler criticizes psychologists for their 
failure to take an active part in the investigation of thinking. The rea-
son given for this failure is the hope that future investigations will reduce 
thought to complications of habit and set associations. Another reason is 
that standard procedures of investigation cannot be applied to the study of 
thought processes. ~hler dismisses these objections on the grounds that 
no theoretical expectation can be allowed to exclude thought processes from 
impartial inspection. Nor can the failure of standard techniques to supply 
quantitative measures be considered sufficient reason to dismiss thinking as 
Ii topic for scientific investigation. New methods must be devised at least 
to give us a glimpse of the realm of thought. Although all may not be in 
agreement with the conclusions of such studies, at least they will admit 
that fruitful research on thought processes is possible. 
Karl Duncker was one of the first to undertake this project. He stated 
that, ttA problem ariaes when a living creature has a goal but does not know 
how this goal is to be reached." Practical and mathematical problems were 
given to subjects who ware asked to t'think aloud" in their attempts to solve 
them. This method differed from introspection in that the subject directed 
10 
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his attention to the problem rather than to himself thinking. From the 
results of these experiments he directed the questions, "How does the solution 
arise from the problem situation?" and, "In what ways is the solution of a 
problem attained?". His conclusions were that the final solution is mediated 
by successive formulations of the problem. These formulations in their turn 
are mediated by general heuristic methods: analysis of the conflict; analysis 
of the material; and analysis of the goal. 
Benjamin S. Bloom and Lois J. Broder (1) in their study on "Problem 
Solving Processes of College Studentsf., raised the question, ''Do our present 
measures of achievement and aptitude reflect the quality of the examinees' 
thinking?". If there is a high correspondence between the accuracy of thought 
products and the quality of thought processes, then we are correct in empha-
sizing the more easily obtained thought products. However, they suggest 
that this is not the case. Both processes and product~ should complement 
one another in giving an accurate evaluation of the examinee. 
In setting the design for their experiments, Bloom and Broder used the 
same method as Duneker, "thinking aloud". Al though many of the resul ts of 
these experiments 8S lo7ell as those of Duneke.rte were quite SUbjective, 
nevertheless they were an important step forward in the development and 
refinement of evaluative methods. They brought forth strong evidence that 
there is not a one~to-one relationship between thought processes and thought 
products. If evaluative methods are to be improved, it is necessary to 
develop more refined techniques for obtaining evidence of thought processes. 
Heidbreder (6) studied adults and children in the problem solving 
situation for the purpose of noting the general course of thought proceSses 
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at different stages of development. Three problems were presented which 
were objectively as similar as possible. Upon each response the subject was 
asked the reason for this reaction. The character of the reason. offered were 
divided into eleven types. It was found that frequency and complexity of 
reasons differed for the various age groups as well as the types of reasons 
given. Consistent age differences suggested that there is a developmental 
process from le88 mature to more mature levels of activity in giving reasons. 
A technique somewhat similar to the Test of Diagnostic Skills was 
devised by Bryan (2) for the purpose of evaluating electronic trouble shooting. 
This technique, called AUTOMASTS. differs both in the method of administration 
and in the method of analysis. While taking the test the subjects are given 
choices of Answers to the problem at different intervals. As a result th~ 
Obtained data does not give a true picture of the thought processes involved 
in solving problems. Performance is evaluated in terms of correet solutions, 
time of solution, number of steps, use of clues, and guesses. 
Another similar technique presented by Glaser, Damrin l and Gardner (5) 
is the Tab Item Technique. It was also used in electronic trouble shooting, 
although it can be applied to almost any type problem. This technique is 
administered by presenting the subject with the type of malfUnction and a 
series of pos8ible check procedures and the answers which are covered by 
tabs. The subject removes the tabs from the procedures he wishes to employ. 
When he feels that he has collected sufficient information, he chooses one 
of a number of solutions that are a180 pre.ented in the test. If the 
selected solution is incorrect, the subject returns to the check procedures 
and gathers more information. Scoring methods of the Tab Item Technique 
have not yet been clearly defined. One method suggested is the number of 
checks employed. Another is to weight the check proced~res according to 
their relevance in isolating the defective ~nit. 
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The Test of Diagnostic Skills was introduced by Rimoldi (8). In this 
article, processes leading to medical diagnoses were proposed as a basis of 
study rather than the final diagnosis. This was done by recording the infor-
mation requested by the testee in his attempt to reach a solution. Utility 
index, utility score and m, a8 described above, were defined as well as other 
possible scoring methods. For the purpose of illustration. the test was 
administered to a group of thirty-eight medical doctors, including clinicians, 
surgeons, and advanced medical students. 
It was found that there was no relation between the utility index of an 
item and its position in the sequence. Items with high utility indexes may 
be selected at any time during the test. The dispersion around the median 
value of sequence position was smallest for it~8 with a high utility index. 
This led to the conclusion that the time at which a particular item is 
selected appears to be important in reaching a solution. 
A negative relationship was found between the number of items selected 
and the utility score. This is partially explained by the definition of 
utility score, although it is conceivable that a subject could select a few 
items with low utility indexes. 
A further study was conducted using sixty-four subjects (9). These 
subjects included six professors in a Department of Surgery at a medical 
school, eight interns, twenty-four senior and sixteen junior surgery students. 
Although the sampling was small and the subjects were of a highly select group, 
certain trends were found which warranted further study. 
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The test seemed to differentiate between students and experts. The mean 
utility score was higher for experts than it was for students. ~uniors 
tended to ask more questions than seniors, and seniors more than experts. 
The test was further broken up into three parts. The first part included 
all questions referring to clinical history data. Questions in the second 
part referred to physical examination data, and the third part contained 
information related to laboratory techniques. Part I differentiated best 
between juniors and seniors and between students and experts, while Parts II 
and III differentiated only between students and experts and to a lesl extent. 
Correlations between scores in the test and medical grades were higher for 
the seniors than for the juniors. These ranged from .15 to .38 for the 
juniors and from -.04 to .49 for the seniors. The phi coefficient which 
tends to be an underestimation was used for computing the correlations. 
Another factor which might cause the correlation coefficients to be lower is 
the effects of selection. 
In another study several forms of the Teat of Diagnostic SkiIl~ were 
administered to groupe of medical students from four medical schools (11). 
In all there were approximately ninety juniors and one hundred and twenty 
seniors. The results were analyzed in terms of utility indexes, utility 
scores, and number of items selected. It was found that Test 2 and Test 4, 
the tests used in the present study, showed the greatest differentiating 
power between juniors and seniors. The difference between utility indexes 
for the juniors and the seniors indicated that the seniors proceed through 
the problem more critically and with greater knowledge than the juniors. 
Utility indexes were correlated between juniors and seniors, between differ-
ent schools for juniors, and between different schools for seniors. 
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These coefficients ranged from .87 to .96. The utility scores were found to 
be higher for the seniors than for the juniors. That is, there is more 
agreement among the seniors on the importan~e of questions to be asked in 
solving the problem. The juniors chose more items than seniors, and the 
number of items chosen by the juniors varied more. 
A further study of the same results was conducted for the purpose of 
analyzing the inner organization of processes followed by junior and senior 
medical students in solving the Test of Diagnostic Skills (10). The test was 
again divided into three parts: clinical history and interview; physical ex-
amination; and laboratory techniques. Performance in each of these three 
areas, as well as the total performance, was studied in terms of utility 
scores and items selected. In general, the seniors' mean utility score was 
higher than the juniors in both Test 2 and 4. This difference was most 
noticeable in Part I. Since the utility scores are larger in groups where 
there is more agreement on the usefulness of the items, it was concluded 
that medical training and experience led to increased agreement on the impor-
. 
tance of the items in the test. Correlations between utility scores in the 
different parts of the tests were higher for the seniors. Again, correlations 
involving Part 1 were highest. 
Comparisons between the two groups in terms of questions asked showed 
that the juniors tended to ask more questions than the seniors. The differ-
ence in the number of questions asked was significant at the .01 level of 
confidence in Part I and total in Teat 4, and at the .10 level in Part I and 
total in Test 2. Correlations between the parts of each test and between the 
two tests indicated that the juniors were more rigid in their approach to the 
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problem, apparently not being influenced by the information received in the 
test. This rigidity was more obvious in Part I and in the total test than in 
Part II or Part III. Coefficients of correlation between utility scores of 
the two tests were .71 for the juniors and .44 for the seniors. In all of the 
eomparisons of utility scores and items selected, Test 4 appeared to differ-
entiate better between the two groups. 
The Test of Diagnostic Skills was then administered to a group of 
physicians from four medical schools (3). The purpose of this study was to 
describe their performance, to compare their perfo~ce according to school, 
and to see if it would be possible to evaluate students 1n terms of physicians' 
performance. 
Porty-one physieians took Test 2 and Test 4; and their performance was 
analyzed for each part and for the total test in term. of utility index, num-
ber of items seleeted, and utility seore. It was found that the correlations 
between all possible combinations of schools could be expressed in terms of 
one general factor. This led to the conclusion that medieal students could 
be reliably evaluated in terms of the combined performance of physic~ans from 
four medical schools. Similar performances were found for all the schools by 
analyzing the means and standard deviations of the items selected and of the 
utility scores. 
A paper in the process of publication at the present time compares 
performanee of juniors, seniors, and physicians, all seored in terms of 
physieians. 
Another study (12) compares the groups by means of limits of performance. 
The ratio between the lLmits of performance and their corresponding parallelo-
grams were found to be greater for the .eniora than for the juniors, and 
greatest for the physicians. 
CRAPTER III 
PROCEDURE 
The purpose of this study was to compare performance in the Test of 
Diagnostic Skills at two different levels of medical training. The same 
group of subjects was used for both levels of training. It was assumed that 
any changes in performance that were observed would be the result of this 
training. 
The group of subjects that was used in this study consisted of 
thirty-six medical students. Two tests were used, Test 2 and Test 4. These 
tests were first administered to the group at the end of its junior year in 
the first week of May, 1956. The second administration took place about a 
year later durinf the last week of March and the first week of April, 1957 • 
. 
There was a total of fifty-nine students in ·the class that was studied. Those 
who did not take both tests at both administrations were eliminated from the 
group. 
In this study the tests were partitioned into three sections. Part I 
deals ~7ith items referring to interview and clinical history, the items in 
Part II refer to physical examination data, and Part III contains all items 
referring to laboratory techniques. Each of these three parts as well as 
the total of each teet were examined to see if any change in performance had 
taken place between the junior and senior year. This was done by studying 
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the number of items selected, utility scores, utility indexes, limits of 
performance for each group, and individual performance curves. Means and 
standard deviations of number of items selected and utility scores were 
compared to see if they differed significantly. Correlations between number 
of items selected in Test 2 and Test 4 for each administration were examined 
a8 well as the correlations between number of items selected in the first 
administration and the second administration for each test. The same pro-
cedure was followed for correlations between utility scores. The limits of 
performance of each group was determined and compared. Finally, individual 
performance curves were studied to see if there were any outstanding character-
istics in either of the administrations. 
CHAPTER IV 
P£SULTS AND CONCLUSIONS 
Number of Items Selected: 
Tables 1,1 11,2 III,3 IV,4 and V5 give respectively the means, standard 
deviations, analysis of variance, correlations between tests, and correlations 
between administrations for the number of items selected. With the exception 
of analysts of variance, these results are given for each part and for the 
total of Test 2 and Test 4. 
The mean number of items selected was smaller in the second administra-
tion in all eases. These differences were found to be significant, using the 
t test, in Part II of Test 2 and in Part I, Part II, and the total of Test 4. 
According to these results, Test 4 appeared to differentiate between the first 
administration and the second administration better than Test 2 in terms of 
number of items chosen. The difference observed in Part I, which refers to 
interview and clinical history was the greatest. Part II, t.,hich deals t..rith 
1 
Table I, page 42. 
2Table II, page 43. 
3Table III, page 44. 
~able IV, page 45. 
5Table V, page 45. 
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physical examination data next, and finally, Part III, referring to laboratory 
techniques, did not differ significantly. 
In general, it can be stated for Test 4 that the students tested tended 
to ask more questions during their junior year than they did during their 
senior year. This difference was most striking for questions referring to 
interview and cli.ical history. Although these same tendencies were observed 
in Test 2, only Part II differed significantly, and that only at the .05 level 
of confidence. 
In Table II the standard deviations are presented. The significant 
difference of variances between the first administration and the second 
administration were calculated by means of the F ratio. There were no signi-
ficant differences between variances in either test with the exception of 
Test 4, Part II, and that at the .05 level of confidence. 
The analysis of variance of tests, administrations, and subjects for the 
number of items selected in the total test is presented in Table III. Admin-
istrations and interaction of administrations by subjects were founq to be 
significant at the .01 level of confidence. Interaction of tests by admin-
istrations was significant at the .05 level of confidence. From these results 
it can be concluded that the t~ sets of scor¥s, grouped according to admin-
istration, are not from the same population of scores. In other words, the 
learning period that took place between the first and second administration 
is a real source of variation for the number of items selected. 
Performance was studied further by examining the interaction effects. 
The significant interaction of tests by administrations indicated that the 
effect of administrations on Test 2 was not an additive function of the 
30 
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Figure 3: Interaction Effects: Tests by Administrations for 
Number of Items Selected 
effect of administrations on Test 4. That is, the mean change observed in 
Test 2 from the first to the second administration was not the same as the 
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mean change observed in Test 4 from the first to the second administration. 
Figure 3 above gives a graphical illustration of this. 
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The significant interaction of administrations by subjects indicated 
that the decrease in the number of items selected by each of the subjects 
from the first to the second administration was not constant throughout the 
subjects. Some subjeets decrease more, and some deerease less. No signifi-
cant differenee was found between Test 2 and Test 4 in the first or in the 
seeond administration. Nor was the interaction of teats by subjects signifi-
cant. In other words, the mean number of items .elected in Test 2 did not 
differ significantly from the mean number selected in Test 4. Also at a 
given time each subject tended to choose the same number of items in both 
Test 2 and Test 4. 
Table IV presents the correlations between the number of items selected 
in Test 2 and Test 4 for both the first and second administration. These 
eoefficients were computed for each part and for the total by means of 
Pearson's produet moment correlation. Their range was from .41 to .15. All 
were significant at the .01 level of confidence exeept Part III of the first 
administration which was only significant at the .05 level of confid,ence. 
Correlations between the number of items seleeted in the first adminis-
tration and in the seeond administration for Test 2 and Test 4 are presented 
in Table V. These coeffieients of correlation ranged from .07 to .32, none 
of which were significant. 
The results of Tables IV and V indicate that, in a given administration, 
a definite relationship seemed to exist between the number of items selected 
in Test 2 and Test 4. However, for the same test, there was no relationship 
evident between the number of items selected in the first administration and 
the number of items selected in the seeond administration. It must be 
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remembered that the subjects used in this study were a highly select group. 
They were very similar in age, intelligence, educational background, and 
possibly even in social and environmental background. Given two similar 
tests one after the other, a subject's performance in each test would be 
expeeted to be similar. In this case a high correlation coefficient would 
be anticipated. However, if the tests were again administered after a learn-
ing period, and if these tests were sensitive to the type of learning that 
took place, performance changes would be expected. It has been stated in the 
discussion on the analysis of variance that the rate of change from the first 
to the second administration was not constant throughout subjects. In view 
of this and since the subjects used in this study were a highly select group, 
then a low correlation would be expected between the first and the second 
administrations. 
Utility Scores; 
Tables VI,6 VII,' VIII,8 IX,9 and XIO present the means, standard 
deviations, analysis of variance, eorrelatLons between tests, and correlations 
between administrations for the utility ecores. The.e scores were eomputed in 
terms of norms developed from the performance of a group of forty physicians 
(3). With the exception of the analysis of variance, the results are given 
for each part and for the total of Test 2 and Test 4. 
6Table VI, page 46. 
7Table Vlt, page 47. 
STable VIII, page 48. 
9Table IX, page 49. 
10 Table X, page 49. 
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The mean utility scores can be found in Table VI. In each part and in 
totals of both tests they were higher for the second administration. 
However, these differences were not significant in Test 2 as measured by 
the t test. In Test 4 the utility scores differed significantly between 
administrations at the .05 level of confidence for each part, and at the 
.01 level of confidence for the total test. 
The utility score was defined as the average utility indexes of all 
the items selected by a particular individual, the utility index being the 
ratio between the number of times an item is selected and the number of 
subjects in the group. Therefore, the utility score may be interpreted as 
the agreement of a subject with his group, since the utility score will be 
high when the items chosen by a given subject are frequently selected by 
the group and low when they are seldom selected by the group. In this study 
the subjects were scored in terms of physicians. So the utility scores may 
be considered as a measure of agreement with the group of physicians. Since 
they were higher in the second administration, it can be concluded ~he per-
formance of the group was more in agreement with the physicians' performance 
for the second administration. 
The standard deviation~ of utility scores are presented in Table VII. 
The significance of differences of variance between the first administration 
and the second administration were computed by means of the F ratio for each 
part and for the total of both tests. None of the differencea between 
variances were found to be significant. 
The analysis of variance for the utility scores of the total tests, 
administrations, and subjects are given in Table VIII. Administrations, and 
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interaction of administrations by subjects were found to differ significantly 
at the .01 level of confidence and .05 level respectively. From this, it can 
be concluded that the mean utility score of the group did not differ signifi-
cantly between tests given in the same administration. However, the 
difference of the mean scores was highly significant between administrations. 
In other words, when the group was given Test 2 and Test 4, one after the 
other, the utility scores did not differ significantly from test to test. 
But when these tests were administered again after a learning period, al-
though the utility score still did not differ significantly from test to 
test within that administration; nevertheless, the difference was highly 
significant from one administration to the next. 
The change in the test's utility score from one administration to the 
next can be interpreted as constant, but the change in the subjects' utility 
score from administration to administration was not. That is, in view of the 
significant interaction, administration by subjects, the subjects tended to 
get a higher utility score in the second administration than in the, first. 
But the amount of increase was not the same for each subject. 
Table IX presents the correlations between the utility scores of Test 2 
and Test 4 for the first administration and for the second administration. 
Again, coefficients of correlation were computed for each part and for the 
total test by means of Pearson's product moment correlation. The range of 
these coefficients was from -.02 to .59. Parts I, II, and the total of 
the first administration were significant at the .01 level of confidence. 
In the second administration Part II and the total were significant at the 
.01 level of confidence and Parts I and III were significant at the .05 
level of confidence. 
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Table X gives the correlations between the utility scores of the first 
administration and of the second administration for Test 2 and Test 4. 
These coefficients ranged from -.07 to .32. None of these were significant. 
Again, a definite relationship was found to exist between utility 
scores of different tests in the same administration, while there was no 
apparent relationship between utility scores of the lame tests in different 
administrations. These results seem to strengthen the interpretation given 
in the discussion of analysis of veriance of utility scores. Each individual 
performed similarly in two tests at a given period of time. But after a 
learning period, performance was observed to change. Since this change in 
performance was not the same for each subject and the group was a highly 
select one, low correlations reSUlted. 
Limits of Performance: 
To arrive at a group's limits of performance, the utility indexes of 
the items are computed in terms of the performing group for each test in 
each administration. These indexes were then corrected according to 
Formula 2 and ranked from maximum to minimum, and from minimum to maximum. 
The graph of the cumulative utility indexes against the rank order gives 
the maximum and minimum performance curves. Figures 4 through 1911 present 
the performance curves of each part and the total of Test 2 and Test 4 for 
both administrations. The parallelogram enclosing each of the performance 
curves represents the performance of the group if there had been perfect 
agreement on the expected utility of the items. 
11 
Figures 4 through 19, pages 27 through 34. 
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The ratios between the observed performance curves and the theoretical 
performance curves are presented in Table XI.12 Again, Test 4 appeared to 
differentiate between administrations better than Test 2. In Test 4 the 
greatest difference in ratios between the first and second administration 
was observed in Part I which refers to interview and clinical history. The 
difference between ratios of the two administrations in Test 2 were 
negligible in Parts I and III. 
Since the area of the performance curves increases when there is more 
group agreement, it can be stated that there was more group agreement in 
the second administration than in the first. The most stricking change was 
found in Part I, Test 4. It is interesting to note that these medical 
students had no clinical experience until after their junior year. The 
introduction of actual experience ~uld appear to affect Part I more than 
Parts II or III. 
Individual Performance Curves: 
Individual performance curves were arrived at by plotting the"cumulative 
utility index, scored in terms of experts, for each subject at each succes-
sive step of the test. Examples of these curves are shown in Figure 20. 13 
No method has been devised as yet for comparing individual performance 
curves for different tests or for different administrations. The purpose 
of introducing them into this study is to see if any general statements 
can be made about changes in performance from one administration to the 
next by examining them. 
12Table XI, page 50. 
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Several examples of performance curves for each administration are 
presented in Figure 20. Plateau X appeared in almost all the curves 
representing performance in the first administration. In the second admin-
istration X either disappeared or became much less extreme in both tests. 
The items selected at X were from Part I of the test in every case. It 
seems that in the first administration the subjects' perseverance in choos-
ing items in the interview section of the test was the primary cause for 
the increase of items selected and the decrease of utility scores. In the 
second administration the subjects did not persist in selecting items in 
Part I; X disappeared or became less marked, the m score decreased, and 
the utility score increased. 
The examples given in Figure 20 were not selected because they 
emphasized the interpretation given above. However, they were selected 
from Test 4, si~ce the plateaus are more clear.cut in this test. 
Thirty-one of the thirty-six subjects followed this pattern in Test 4, 
While only twenty-seven followed it in Test 2. 
CHAPTER V 
SUMMARY 
The purpose of this study was to determine if learning has any effect 
on performance in the Test of Diagnostic Skills. 
The primary interest of this technique is to study the processes 
followed by an individual in reaching a diagnosis. Two forms of the test 
were used, Test 2 and Telt 4, which were taken from actual clinical cases. 
Thirty-six subjects who were at the end of their junior year of medical 
school were presented with the chief complaints and admission data of the 
patient. They were instructed to choose from a series of questions those 
that they considered necessary and sufficient to reach a diagnosis. Answers 
to the questions were given on the back of each item. This procedure was 
again followed for the same subjects toward the end of their senior '·year. 
Several methods for measuring performance were described: number of 
items selected; utility index; utility scores; limits of performance; and 
individual performance curves. The subjects tended to select more items 
in the first administration than in the second administration. A criterion 
group of forty physicians was used for determining utility scores. There 
was more agreement by the subjects with the criterion group in the second 
administration than in the first.. The greatest difference in performance 
between administrations was observed in items concerning interview and 
38 
clinical history data. Variances for the first and second administrations 
did not differ significantly either for number of items selected or for 
utility scores. 
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Correlations between tests in the same administration were highly 
significant for both the number of items selected and utility scores. But 
the correlations between the same variables for the same test in different 
administrations were not significant. This was interpreted as an indication 
that a subject performs in a similar fashion on Tests 2 and 4 at one admin-
istration, and again in a similar fashion on the two tests in a second 
administration. But this similarity is not found when test performance in 
the first administration is compared with the performance in the same test 
in the second administration. The reasons stated for this lack of relation-
ship were that the subjects used in this study were a highly select group 
and the rate of change in performance from one administration to the next 
is not the same for every individual. 
Examination of limits of performance led to the conclusions that in the 
second administration there was more agreement within the group on the ex-
pected utility of the items. The greatest increase of group agreement was 
observed in Test 4 with items referring to interview and clinical history 
data. By studying individual perfor~mance curves, it was found that the 
main reason for lower utility scores and a larger number of items selected 
in the first administration was because the subjects selected more items in 
the interview section of the test. This behavior caused a plateau that 
tended to disappear or become less marked in the second administration. 
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In general, it can be stated that the Test of Diagnostic: Skills is 
capable of measuring changes that take place during a learning period. 
Definite changes of performance were observed between the first and second 
administrations. Not only were these performance changes a valuable aid in 
evaluating medical students, but they also shed consider&ble light on the 
diagnostic process itself. By partitioning the tests into different sections 
the important phases of the diagnostic process can be studied. Good diag-
nosticians could be compared with poorer diagnosticians to see where the 
difference lies. Future teaching methods in medical schools could also 
benefit by more detailed study of this technique. The rationale of these 
tests can also be applied to any problem solving situation. It aprears to 
be a new and useful contribution to the field of testing. 
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APPENDIX 
Table I 
Mean Number of Cards Selected by Students 1n Each Part and in 
the Total, First Administration and Second Administration, 
Test 2 and Test 4 
N • 36 1st 2nd Admin Admin 
Part I 11.28 10.03 
Part II * 6.03 4.50 
Test 
2 Part III 6.64 6.36 
Total 23.94 20.89 
Part I** 12.39 8.89 
Part II* 6.61 4.81 
Test 
4 Part III 7.31 6.22 
Total** 26.31 19.92 
First Administration greater than the Second Administration at 
the following levels of confidence: 
* p < .05 
** P ( .01 
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Table II 
Standard Deviation of Cards Selected by Students in Each 
Part and in the Total, First Administration and Second Administration, 
Test 2 and Test 4 
N III 36 1st 2nd 
Admin Admin 
Part I 3.1914 5.3825 
Part II 3.1304 3.0686 
Test 
2 Part III 2.2626 2.1904 
Total 9.3153 9.3142 
Part I 5.4226 4.3511 
Part II* 3.6000 2.4924 
Test 
4 Part tIl 2.6856 2.6491 
Total 9.9912 1.1866 
. 
First Administration greater than the Second Administration at 
the following level of confidence: 
* p ( .05 
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Table III 
Analysis of Variance of m for 36 Medical Students 
for 2 Tests and 2 Administrations 
Source 
Test 
Administration 
Subjects 
Interaction: TXA 
Interaetion: TXS 
Interactiont AXS 
Interaction: TXAXS 
Total 
*'* p(.Ol 
'* p(.05 
Sum of Squares 
17.3611 
802.7778 
6564.4722 
100.0000 
882.1389 
/"" 
3862.6597 
754.5625 
12983 .. 9722 
df Variance Estimate 
1 '17.3611 
1 802.7778 
3.5 187.5563 
1 100.0000 
35 25.2040 
35 110.3617 
3.5 21.5589 
143 
44 
F 
.6888 
7.2741** 
4.6384* 
1.1691 
5.1191*· 
Table IV 
Correlations between Number of Cards Selected 
in Test 2 and Test 4 for Both the First and Second 
Administration 
First Administration 
Second Administration 
** p(.OI 
.. P(.O"i 
Part I 
.63** 
.75** 
Table V 
Part II Part III 
.65** .41* 
.54** .48** 
Total 
.75** 
.69** 
Correlations bet~en the Number of Cards Selected in the 
First Administration and the Second Administration for Both 
Test 2 and Test 4 
Part I Part II Part III Total 
Test 2 .32 .15 .11 .19 
Test 4 .25 .17 .07 .30 
45 
46 
Table VI 
Means of the Utility Scores of Students in Each 
Part and the Total, First Administration and Second Administration, 
Test 2 and Test 4 
N = 36 1st 2nd Admin Admin 
Part I .43 .47 
Part II .50 • .53 
Test 
2 Part III .64 .65 
Total .49 .53 
Part I* .42 .49 
Part II" .56 .63 
Test 
4 Part III* .56 .59 
Total** .48 .54 
The mean US of the Second Administration is greater than the 
First Administration at the following levels of confidence: 
Table VII 
Standard Deviations of the Utility Scores of Students 
in Each Part and the Total, 
First Administration and Second Administration, 
Test 2 and Test 4 
lit 2nd 
N • }6 Admin Admin 
Part I .1089 .1}16 
Part II .1601 .1240 
Test 
:2 Part III .0742 .0159 
Total .0832 .0936 
Part I .• 1349 .1355 
-
Part II .1466 .1248 
Test 
4 Part III .0721 .. 0799 
Total .0956 .0899 
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Table VIII 
Analysis of Variance of US for 36 Medical Students 
for 2 Tests and 2 Administrations 
Source Sum of Squares df Variance 
Estimate 
Test .5625 1 .5625 
Administration 826.5903 1 826 • .5903 
Subjects 5168.9097 35 147.6831 
In terac tion: T"AA 70.8125 1 10.8125 
Interaction: TXS 1282.6815 35 36.6482 
Interaction: AXS 3726.6597 35 106.4760 
Interaction: TXAXS 1812.0625 35 51.7732 
Total 12746.6591 143 
48 
F 
.0079 
7.7632** 
1.3617 
.7079 
2.0566* 
Table IX 
Correlations between Utility Scores in Test 2 and 
Test 4 for Both the First and Second Administration 
N = 36 
First Administration 
Seeond Administration 
** p(.Ol 
* p(.05 
Part I Part II Part III 
.42** .49** -.02 
.39* .48** .33* 
Table X 
Correlations between Utility Scores in the First 
Administration and the Second Administration for Both 
Tes':; 2 a.nd Test 4 
N 11: 36 Part I Part II Part III Total 
Test 2 .23 -.07 .12 .03 
Test 4 .23 .26 .09 .32 
49 
Total 
.59** 
.42** 
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Table XI 
Ratio of Obtained Areas to p~ximum Possible Areas 
... 
Test 2 Test 2 Test 4 Test 4 
First Second First Second 
Admin Admin Admin Admin 
Part I .651 .650 .559 .702 
Part II .599 .675 .654 .738 
Part III .647 .642 .462 .544 
Total .649 .737 .599 .707 
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